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The changes which may occur in the partition of the blood protein 
fractions in  diTferent pathological conditions have been given little 
systematic study.  For the most part, the recorded observations deal 
with the alteration in the albumin-globulin ratio in infections and in 
various immune states (1). 
The present study was undertaken to determine whether the rise 
in the serum globulin~ reported in immunized animals occurred also 
during  the  immunity or  tolerance to  proteose  intoxication,  which 
develops  in  dogs  with  long-standing intestinal  loops  or  after  the 
injection of repeated, small doses of pure proteose.  We have studied 
also the blood changes in animals which were being observed in con: 
nection with other experiments.  In some of these animals symptoms 
of intoxication developed after the onset of peritonitis or the pro- 
duction of a  pancreatitis or pleurisy,---conditions which have been 
shown to possess certain features in common with intestinal obstruc- 
tion (2). 
Our  experimental observations have shown  that  the intoxication 
which develops after an acute or chronic obstruction of the intestine 
is  in  most instances associated with  definite changes in  the blood 
proteins.  In a simple obstruction with toxic death and a rise in the 
non-coagulable nitrogen of the blood  the serum globulins may rise 
to double their initial value within 48 hours after the production of 
the obstruction.  And in the majority of such instances the globulins 
continue high until death.  Similarly, animals with a chronic obstruc- 
tion show a rise in the serum globulins.  In these animals the globu- 
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lin increase takes place more slowly, but it may be of greater magni- 
tude,  and may show a  tendency to return  to its initial  value. 
Some of the most important  observations have  come from a  study 
of the blood of animals  with some of the complications met with in 
these loop experiments,--peritonifis,  rupture  of  the  loop,  and  over- 
~helming  intoxication.  In  these  experiments,  the  globulin  content 
of the  serum  usually rises with marked  rapidity  and  to  the highest 
point.  The blood of some of the animals may show a complete inver- 
sion  of  the  normal  albumin-globulin  ratio.  We  have  found  this 
immediate rise in the blood globulins  to be so constantly present in 
these  complications  that  we  believe  its  occurrence  to  be  of  value 
in  the  differential  diagnosis  of acute  conditions  associated with  the 
sudden  liberation  of  a  toxic  exudate.  This  observation  is  in  har- 
mony with previously recorded experiments  (1),  which have demon- 
strated that a number of inflammatory conditions with tissue destruc- 
tion and pus formation are accompanied by a rise in the blood globu- 
lins.  And from the present experiments we have additional evidence 
that an increase in the globulins may occur even when the inflamma- 
tory  conditions  are  not  the  result  of bacterial.invasion,  although  it 
would  appear  that  a  combination  of  both  factors,--bacteria  and 
inflammatory  irritants  gives rise to greater alterations  in  the ratio. 
Injections  of  small  immunizing  doses  o5  toxic  proteose,  on  the 
other hand,  do not produce any marked alteration  either in the per- 
centage of the serum proteins or in the normal partition  of the albu- 
min and globulin fractions.  The changes observed in the loop experi- 
ments may, however, result if the dosage is large and  the attending 
intoxication  profound. 
From these experiments we have, furthermore,  additional  evidence 
that  no parallelism  exists between a  rise in  the blood globulins  and 
the  development  of an  immunity  or  tolerance.  That  such  a  toler- 
ance resulted from the repeated proteose injections is clear from the 
fact  that  the  animals  were resistant  to  the injection  of larger  doses 
of this  toxic substance;  and  yet observations upon  the  blood  failed 
to  disclose  an  increase  in  the  globulin  content.  An  occasional  in- 
crease in  the percentage  of globulin  did occur, but this was usually 
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Methods. 
Dogs were used in all the experiments.  The operations were done 
under surgical anesthesia and with the usual aseptic technique.  A 
description of the experimental conditions studied has been given in 
previous communications (3). 
Specimens of blood were obtained from the jugular vein previous 
to a  feeding in order to get a  clear serum, and analyses were made 
prior to or  on the day of operation and at regular intervals there- 
after. 
AU  the determinations of the albumin, globulin, and non-protein 
fractions recorded  in  the  columns of the  tables  were made by the 
micro-refractometric method of Robertson (4).  The  advantages of 
this method for these studies over those used heretofore have been 
discussed in a previous paper (1). 
EXPERIMENTAL. 
The Serum Proteins of Normal Dogs. 
The  percentage  of  total  protein  and  the  relative  proportions  of 
albumin  and  globulin  present  in  normal  dog serum have not been 
extensively studied by the more recent and more accurate methods. 
The high globulin figures obtained by Lewinski  1 (5) are not in accord 
with the more recent percentages obtained by the micro-refractometric 
method.  The percentages obtained by Robertson and his coworkers 
(6)  as well as  our own are  considerably lower (Table I).  We have 
found the average total protein percentage obtained from a  study of 
thirty-five normal  dogs  to  be  6.1  per  cent, of which the globulin 
fraction constituted 1.5  per  cent.  These figures are in accord with 
those recently obtained by Jewett (6) in a study of a smaller number 
of sera by the same method. 
1  According to Lewinski, the percentage composition of serum proteins in nor- 
mal dogs is as follows:  total protein, 6.03 per cent; serum albumin, 3.17 per cent; 
serum globulin, 2.26 per cent.  From his figures it is clear that the serum globu- 
lins would constitute 42 per cent of the total proteins, which is 17  per cent higher 
than the percentage obtained by us. 234 
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TABLE  I. 
Globulin,  and  Total  Protein  in  the Blood  Serum  of Normal  Dogs. 
No. of dog.  Date. 
1  Nov. 26 
2  "  3 
3  "  3 
4  "  6 
5  "  10 
6  "  22 
7  "  29 
8  "  29 
9  "  29 
10  Dec.  3 
11  "  9 
12  "  20 
13  Jan.  25 
14  "  28 
15  Feb.  3 
16  Mar. 13 
17  Jan.  26 
18  Feb.  2 
19  "  9 
20  "  11 
21  "  16 
22  Mar.  1 
23  "  8 
24  "  15 
25  "  22 
26  Dec.  21 
27  "  30 
28  Jan.  6 
29  "  6 
30  "  6 
31  Mar. 20 
32  Apr.  3 
33  "  25 
34  May  1 
35  "  4 
Total  Total  Total  Albumin Globulin Non-pro-Protein 
protein,  albumin, globulin,  of total  of total  rein  con- quotient.  protein,  protein, stituents. 
per cent  per  cent  per  c~  p~ cent  p~ cent  per cent 
6.2  4.8  1.4  76  24  1.5  3.1 
5.6  4.1  1.5  71  26  2.3  2.7 
5.7  3.6  2.1  63  37  2.0  1.7 
6.3  5.1  1.2  80  20  1.7  4~0 
5.8  4.4  1.4  76  24  2.1  3.1 
5.9  4.2  1.7  70  30  1.7  2.3 
6.3  5.2  1.1  83  17  1.7  4.8 
6.2  5.0  1.2  80  20  1.7  4.0 
6.4  5.3  1.1  82  18  1.6  4.5 
6.0  4.1  1.9  70  30  i.2  2.3 
6.5  5.2  1.3  82  18  1.6  4.5 
6.6  5.4  1.2  81  19  1.5  4.2 
5.9  4.0  1.9  68  32  1.8  2.1 
6.6  5.6  1.0  85  15  2.2  5.6 
4.9  3.8  1.1  77  23  1.8  3.3 
4.7  4.0  0.7  85  15  2.4  5.6 
6.3  4.7  1.6  74  26  1.9  2.8 
5.7  3.7  2.0  65  35  1.7  1.9 
7.0  5.1  1.9  72  28  2.5  2.6 
6.3  5.0  1.3  79  21  1.8  3.7 
6.0  5.4  0.6  90  10  2.0  9.0 
5.6  3.8  1.8  70  30  2.0  2.3 
6.4  6.0  0.4  93  7  2.1  13.2 
6.4  5.0  1.4  78  22  2.2  3.5 
6.1  3.6  2.5  ~  ~  2.7  1.5 
6.8  4.9  1.9  72  28  1.7  2.6 
6.5  4.6  1.9  70  30  1.8  2.3 
6.9  4.9  2.0  71  29  1.6  2.4 
6.2  4.8  1.4  77  23  1.7  3.3 
6.1  4.3  1.8  70  30  2.1  2.3 
6.8  4.0  2.8  ~  ~  1.6  1.5 
5.7  4.5  1.2  79  21  2.1  3.7 
5.0  3.5  1.5  70  30  2.5  2.3 
6.1  4.5  1.6  74  26  2.0  2.8 
5.5  4.0  1.5  72  28  2.2  2.6 
&verage...  6.1  4.6  1.5  75  25  1.6  3.0 
]tewett (6)  6.13  4.82  1.31  79  21  2.0 
* The  protein quotient is  the figure  obtained by  dividing the  percentage of 
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From  Table  I  it  is  apparent  that  normal  dogs  may  show  some 
variation  in  the  percentages  of  total  protein,  serum  albumin,  and 
serum  globulin.  These  normal  fluctuations  are  not large,  however, 
when  compared with  those observed  in  the  experimental  conditions 
studied.  Whereas  the  protein quotient  in  normal  animals  averages 
3.0  and  in most instances  does not fall  below  1.5,  some of the  ani- 
mals with intoxication show at one period or another a  quotient much 
below  1.0.  We have taken  these  normal variations into account in 
that  determinations  of  the  normal  percentages  were  made  previous 
to  the  study of  the  experimental  condition. 
Simple Obstruction for 5 Days.  Toxic Death.  Peritoneum  Clean. 
Dog 5.--Shepherd, mongrel, female; weight 36 pounds. 
Nov.  10.  Simple obstruction  in  the middle  of the  small  intestine  by means 
of a complete section and an inversion of the ends. 
Nov. 11 and 12.  Dog is vomiting,  and there  is a steady loss of weight. 
Nov.  13.  Much  thin,  yellow vomitns.  Temperature  102.8  ° F.  Weight  33 
pounds. 
Nov.  15.  Dog is  severely  intoxicated.  Ether  anesthesia.  Killed. 
Autopsy.--Thorax, lungs,  and heart  normal.  Viscera show slight  congestion. 
Peritoneum  dry and clean.  There  are a  few fibrinous  adhesions  about the site 
of  obstruction.  Intestinal  tract  below  obstruction  is  collapsed  and  mucosa 
normal.  No congestion or ulceration. 
TABLE  II. 
Do  5.  Simple Obstruction.  Foxic  Death. 
Date. 
Nov. 10 
"  12 
"  13 
Total  Total 
albu-  protein,  min. 
per cent  per cent 
5.8  4.4 
6.6  3.4 
6.4  3.4 
4.8 
Total 
globu- 
lin. 
per cent 
1.4 
Albu  - 
rain of 
total 
protein. 
per cent 
76 
Glob- 
ulin  of 
total 
protein, 
I  Non-  Protein 
] protein  quo- 
constit-  trent.  uents. 
cent  per cent 
24  2.1  3.1 
48  2.6  1.1 
47  2.4  1.1 
0.8  "  15  10.7 
3.2 
3.0 
5.9 
52 
53 
45  55  2.6 
Remarks. 
Operation.  Non-coagu- 
lable nitrogen in blood 
34 mg.  Urea  nitrogen 
15 rag.* 
Non-coagulable nitrogen 
in blood 57 rag.  Urea 
nitrogen 20 mg. 
Killed. 
* In the tables  non-coagulable  and urea nitrogen  are given in terms of mg. per 
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The protocol of Dog 5 gives the clinical history of an animal  suc- 
cumbing  to  this  type  of  obstruction.  Constant  vomiting  and  an 
acute  terminal  intoxication  are  the  chief  clinical  features.  From 
Table  II  it  is  clear  that  the progressive intoxication  has  registered 
definite changes in the blood proteins.  48 hours after the operation, 
the serum globulins had already increased 50 per cent.  This increase, 
it  would  appear,  is  partly  at  the  expense  of  the  albumin  fraction. 
And  in  spite  of  the  progress  of  the  iatoxication,  no  further  rise  in 
globulins  took place until  the day of death,  when  this  fraction  con- 
stituted  55 per cent of the total proteins.  The  terminal  increase of 
the total protein to double its initial value is also noteworthy.  This 
is probably  to  be accounted for by the  extreme dehydration  which 
occurred during the last few days as a  result of vomiting.  From the 
protocol  and  table,  it  is  clear  that  the percentage  rise  in  globulins 
showed  no  tendency  to  parallel  the  increase  in  the  severity  of  the 
intoxication. 
TABLE  III. 
Dog 6.  Long  Loop of Ileum.  Volvulus of Loop. 
Date. 
Nov. 19 
"  22 
"  24 
"  26 
"  29 
Dec.  4 
Total 
protein. 
per cent 
5.9 
5.1 
5.2 
5.9 
Total 
albu- 
min. 
per cent 
4.2 
2.9 
3.4 
4.4 
Total 
globu- 
lin. 
per cent 
1.7 
2.2 
1.8 
1.5 
Albu- 
min of 
total 
protein. 
percent 
70 
57 
65 
74 
Globu- 
lin of 
total 
protein. 
l~er cent 
30 
43 
35 
26 
Non- 
[protein 
'corLstit- 
uents, 
per cent 
1.7 
1.4 
1.3 
1.2 
Protein 
quo- 
tient. 
2.3 
1.3 
1.9 
2.8 
Remarks. 
Operation. 
Non-coagulable  nitroge~ 
in blood 30 rag.  Urea 
nitrogen 14 rag. 
Non-coagulable  nitroge~ 
in blood 32 mg.  Urea 
nitrogen 15 mg. 
Found dead on 15th day 
Long Loop of Ileum.  Volvulus  of Loop. 
Dog 6.--Black and white female; weight 20~ pounds. 
Nov. 19.  A long circular loop of ileum was made by end to end anastomosis. 
Nov. 20.  Dog is well.  Temperature  101.2°F.  Weight 201 pounds. 
Nov. 22.  Dog is fairly well.  Weight i9½ pounds. 
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Nov. 26.  No vomiting.  Dog very active and looks normal. 
Nov.  27.  Dog seems  normal. 
Dec. 4.  Found dead in cage. 
Autopsy.--Thorax negative.  Spleen  small  and  not  engorged.  Liver  pale 
and not congested.  Stomach, duodenum,  and  small intestine  all pale and nor- 
mal.  Anastomosis in good condition.  Loop is enormous and tense, dark, black- 
ish green  in  color, and  twisted  about  its  pedicle.  Mucosa intact,  but  grayish 
and  probably necrotic.  Peritoneal  cavity shows  slight  injection,  and  contains 
150 cc. of sticky fluid. 
Long Loop of Ileum.  Slowly Progressing Intoxication.  Proteose 
Injection. 
Dog 2.--Strong black and tan, bobtail, female; weight 29½ pounds. 
Oct. 29.  A long, circular loop of ileum was made by end to end anastomosis; 
about one-half of the small intestine was included. 
Oct.  30.  Dog  is  in  good  condition.  Temperature  102.5°F.  Weight  29½ 
pounds. 
Nov.  1.  There  is  much bile-stained  vomitus below the  cage.  Temperature 
101.6°F.  Weight 28½ pounds. 
Nov. 3.  Dark, mucoid fluid below cage; partly vomitus and partly diarrhea. 
Pulse good. 
Nov. 4.  Dog much better;  eats  and  looks well.  No vomitus; no  diarrhea. 
Temperature  102.3°F.  Weight 27-~ pounds. 
Nov, 5.  Fluid and bloody mucous diarrhea persists. 
Nov. 8.  Dog has slight nasal discharge.  No diarrhea.  Temperature 102.2°F. 
Weight 25] pounds. 
Nov. 9.  Dog seems fairly well. 
Nov.  11.  Little diarrhea.  No vomitus.  Eats a little.  Weight 24]: pounds. 
Nov. 13.  Dog is in good condition.  Passed solid stool. 
Nov.  15.  Injection of pure  proteose  (pancreas  I)~ alcohol precipitate  20  cc. 
Dog is resistant to proteose. 
Nov.  16.  Dog  losing  ground.  Weight  24  pounds.  Temperature  102.4°F. 
Nasal discharge but no frank distemper. 
Nov.  17.  Dog about  the  same.  No vomiting.  Strong and  would live sev- 
eral days.  Killed for blood. 
Autopsy.--Peritoneum clean  except  for  one  small  pus  pocket  close  to  the 
anastomosis in the loop.  Peritoneal  cavity contains a  slight  amount  of turbid 
fluid.  Stomach and small intestine  are intact  and pale.  Anastomosis in ileum 
is  clean  and  open.  Liver  is  fatty.  Bile  pigments  in  urine  and  serum.  The 
loop ends are joined, and the sutures are buried.  No ulcer; mucosa has grown 
over the stitches.  Wall of mucosa is double, but not thickened in spite of dilated 
loop.  Mucosa everywhere pale and intact. 238  STUDIES  ON  BLOOD  PROTEINS.  II 
TABLE  IV. 
Dog 2.  Long Loop of Ileum.  Proteose Injection. 
Date. 
Total  Total 
protein,  albu- 
min. 
Total  ]  Albu-  Globu-  Non-  Protein 
rain of  lin of  protein  quo-  Remarks. 
globu-  I  total  total  constit-  tlent. 
lin.  ' protein,  protein,  uents. 
p~, cent  percent  percent  percent  percent  percent 
Oct.  29 
Nov.  3  5.6  4.1  1.5  !  72  28  2.3 
"  5  6.0  3.7  2.3  62  38  2.9 
"  8  5.1  0.5  4.6  10  90  1.5 
"  9  4.3  0.65  3.6  12  88  1.7 
"  i1  4.8  2.0  2.8  42  58  1.5 
15  5.0  3.0  2.0  ]60  40  1.3 
i Operation. 
2.6  Non-coagulable  nitrogen 
i  in blood 90 mg.  Urea 
nitrogen 21 rag. 
Non-coagulable  nitrogen 
i  in blood 53 nag.  Urea 
nitrogen 20 rag. 
0.13 
0.72  Non-coagulable  nitrogen 
in blood 59 nag.  Urea 
nitrogen 21 nag. 
1.5  Non-coagulable  nitrogen 
in blood 54 rag.  Urea 
nitrogen  32  nag.  In- 
jection of proteose. 
1.5  Non-coagulable  nitrogen 
in blood 40 rag.  Urea 
nitrogen 19 mg. 
1.9  Killed. 
1.6 
0.11 
16  4.97  3.0  1.97  ]  60  40  1.4 
I 
I 
17  4.6  3.3  1.6  65  35  1.5 
NOV. 
6.O  6.0 
5.0 &O 
4.0 4.0 
$.o  3.0 
2.0  2.0 
1.0  1.0 
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The protocols of both of these experiments show that the intoxica- 
tion in this type of closed intestinal loop is slowly progressing.  Dog 
6 lived 15  days, and Dog 2 was killed 19 days after the operation. 
The loop in these experiments was made by isolating a  circular por- 
tion of the intestine and reestablishing the continuity of the rest of 
the intestine without obstructing the flow from the duodenum to the 
jejunum and  ileum.  The intoxication developed under  these  con- 
ditions is mild, and this explains the slight changes in the non-coagu- 
lable nitrogen of the blood. 
Notwithstanding the  mildness of  the  intoxication,  both  animals 
showed considerable alteration in the albumin-globulin ratio of the 
blood.  Dog 6  is  of great interest,  because this animal  showed no 
clinical symptoms of intoxication during any period of the experi- 
ment,  and  was  found dead  on  the  15th day.  The  percentage of 
globulins, however, had increased 13 per cent on the 5th day (Table 
III), but on the day of death the globulins had returned almost to 
a normal level. 
Dog  2  lived  3  weeks.  This  experiment is  especially  complete, 
since the blood examinations could be made over a  longer period. 
In this instance,  also,  the toxic symptoms were not marked.  The 
first definite rise in the globulins was noted only on the 7th day after 
the operation  (Table  IV).  On the  10th day,  the globulin fraction 
constituted 90 per cent of the total protein, which at this time showed 
only slight variation from its initial value.  The reason for so marked 
a  rise  in  the  globulins of this animal is not clear.  Since the total 
protein percentage on  this day  showed only little change, it must 
be assumed that the increase in globulins took place at the expense 
of the albumin fraction, which fell from an initial value of 4.1  per 
cent  to  0.5  per  cent.  Following the maximum rise,  the  globulins 
began to decrease on the  13th day, gradually reaching 35  per cent 
on the day the animal was killed.  The fluctuations in the Various 
fractions are shown in Text-fig. 1. 
Both  experiments  illustrate  two  points  which  deserve  especial 
emphasis: first, the absence of any parallelism between the degree of 
intoxication  and  the percentage rise  of globulins; and  second,  the 
tendency noted in several experiments for the globulin curve to return 
to its initial level.  This would seem to indicate that  the partition 240  STUDIES  ON  BLOOD PROTEINS.  LI 
of the serum protein may become normal when the cause or causes 
which alter the relative proportions are no longer at work. 
Long Loop of Jejunum. No Peritonitis. 
Dog 
Feb. 1. 
Feb. 2. 
Feb.  3. 
Weight 32 
Feb. 4. 
Feb. 8. 
Feb. 12. 
Feb.  14. 
15.--Mongrel,  black and white setter, male; weight 322 pounds. 
A  high loop of jejunum was made by end to end anastomosis. 
Dog rather quiet.  Temperature 38.9°C. 
Some  dark  brown  vomitus;  pulse  good. 
pounds. 
No vomiting; lively. 
Dog in good condition.  Temperature 38.3°C. 
Condition the same.  No vomiting. 
Dog is weak; pulse slow, but good volume. 
Temperature  38.4°C. 
Weight  302 pounds. 
Temperature 38.3°C. 
Weight 272  pounds. 
Feb. 16.  Condition the same.  Weight 262  pounds. 
Feb. 17.  Dog is losing ground.  Weight 252  pounds. 
Feb. 18, 3.30 p.m.  Dog is quite weak.  Ether anesthesia.  Killed. 
Autopsy.--Thorax  clean.  Spleen small and  fibrous.  Stomach  contains little 
fluid.  Mucosa  normal.  Duodenum  contains  bright  bile-stained fluid;  mucosa 
normal.  Anastomosis in good condition.  Jejunum small and collapsed; mucosa 
normal.  Peritoneal cavity moist and clean; contains a  few cubic centimeters of 
TABLE  V. 
Dog  15.  Long  Loop  of Jejunum.  No  Peritonitis. 
Date. 
Feb.  1 
"  3 
"  5 
"  7 
"  9 
"  12 
"  14 
"  16 
"  18, 
a.m. 
"  18, 
p.m. 
Total 
protein. 
per cenl 
4.9 
4.9 
5.1 
5.1 
5.4 
5.0 
5.4 
4.9 
4.8 
Total 
albu- 
min. 
~er cent 
3.8 
3.8 
3.5 
3.5 
4.0 
3.3 
3.4 
2.5 
2.6 
Total 
globu- 
lin. 
p~cent 
1.1 
1.1 
1.6 
1.6 
1.4 
1.7 
2.0 
2.4 
2.2 
Albu- 
min of 
total 
protein. 
per cent 
77 
77 
68 
68 
74 
66 
63 
51 
54 
Globu- 
lin  of 
total 
protein 
per cent 
23 
23 
32 
32 
26 
34 
37 
49 
46 
Noll- 
protein 
constit- 
uents. 
per cent 
1.8 
1.6 
1.5 
1.7 
1.1 
1.7 
1.6 
1.7 
1.6 
Protein 
¢~uo- 
tlent. 
3.3 
3.3 
2.1 
2.1 
2.8 
1.9 
1.7 
1.0 
1.1 
Remarks. 
Operation. 
Non-coagulable nitroger 
in blood 29 mg. 
Non-coagulable nitroger 
in blood 75 mg.  Urea 
nitrogen 34 mg. 
Killed. S.  tt.  I:IURWITZ  AND  G.  H.  WHIPPLE  241 
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Dog  15.  Long loop  of  jejunum.  No  peritonitis.  Moderate 
blood-tinged  fluid, probably due  to  twist  of lower  end  of loop  and  omentum. 
Loop is huge and contains  750 cc. of dark brown syrupy fluid.  Serosa normal. 
Mucosa  intact  everywhere.  Few  ecchymoses  in  washed  mucosa,  giving  it  a 
mottled brown and  dull  red  color.  Lower  4  inches  of loop  are  deep  red  and 
acutely congested, due to partial twist of this end. 
Long Loop of Jejunum.  General  Peritonitis. 
Dog 4.--Mongrd, male; weight 22 pounds. 
Nov. 6.  Long loop of jejunum made by section and inversion of ends; jejunum 
joined  around the loop by means of end to end anastomosis  between  upper and 
lower end. 
Nov. 8.  Dog looked  well.  Temperature  I02.4°F.  Weight  21  pounds. 
Nov. 9.  Much vomiting.  Weight  20½ pounds. 
Nov. 10.  Dog better.  No vomiting. 
Nov.  11.  Little  vomiting.  Temperature  100.2°F.  Weight  21  pounds.  6 
p.m.  Dog is weak.  Ether anesthesia.  Killed. 
Autopsy.--Thorax, heart,  and lungs normal.  Peritoneal  cavity contains  many 
isolated  pockets  of purulent exudate.  A large,  round worm is free in the peri- 
toneal  cavity, having escaped  from the loop,  which  contains  numerous  similar 
worms.  There are  organized  adhesions just below the end  to end anastomosis, 
causing  a  sharp  kink  and  probably complete  obstruction.  The  loop  contains 
130 cc. of pale,  s/ate-colored fluid with a strong odor.  Mucosa of loop pale and 
intact.  The peritonitis  is probably of 1 or 2 days' duration. 242  STUDIES  ON  BLOOD  PROTEINS.  II 
Do 
Date. 
Nov.  6 
"  8 
"  9 
"  10 
"  11 
"  11, 
4 p.m. 
TABLE  VI. 
4.  Long Loop of Jejunum.  Obstruction.  General  Peritonitis. 
Total 
pxotein. 
p6~' Cenil 
6.3 
4.9 
4.6 
3.4 
4.3 
Total 
albu- 
min. 
per cent 
5.1 
1.6 
1.6 
0.6 
0.9 
Total 
globu- 
lin. 
p~¢ent 
1.2 
3.3 
3.0 
2.8 
3.4 
Albu- 
min  of 
total 
protein. 
per cent 
8O 
32 
35 
18 
20 
Globu- 
lin of 
total 
protein 
per cent 
2O 
68 
65 
82 
80 
Non- 
protein 
constit- 
uents. 
per cent 
1.7 
1.7 
1.9 
2.6 
1.6 
Protein 
£[UO- 
t~ent. 
4.0 
0.47 
0.54 
0.2 
0.2 
Remarks. 
Operation. 
Non-coagulable  nitrogen 
in blood 32 mg.  Urea 
nitrogen 13 mg. 
Non-coagulable  nitrogen 
in blood 50 mg.  Urea 
nitrogen 22 mg. 
Killed. 
NOV.  ~,  ~,  9  10  11  11,..4-  P.M. 
6.0 6.0 
\ 
5.0 5.0  X 
,.o,,.o  \  \\/ 
J  s.0 .o  \  / 
\Y  \/\ 
"TO'I ~L ~ ROTI ,IN 
/  "TOT tL G LOL~ IL~N 
\ 
NON 'PR( T  F.II~ 
T~-Fm.  3.  Dog4.  Lengloop  of jejunum.  General pefitonifis.  Precipi- 
tous rise in globnlin.~, 
Tables  V  and VI give  the  changes  observed in the  serum proteins 
of  animals  with  dosed  loops  of  the  jejunum.  In  these  dogs,  also, 
the loops were so made that there was unobstructed  flow through the 
duodenum.  Dog 15 lived  18 days (Text-fig.  2), and showed through- S.  H.  HURWITZ  AND  G. H.  WHIPPLE  243 
out only a mild intoxication.  The percentage of globulins rose only 
moderately on the 6th day, and on the  day the  animal was killed 
the globulins constituted 46 per cent of the total protein.  At autopsy 
the loop was  found much distended with fluid,  but  the peritoneal 
cavity was moist and clean. 
In Dog 4  the same experimental condition was produced, but this 
experiment illustrates one of the complications which may arise in 
animals with  closed loops.  This  dog developed a  peritonitis as  a 
result of leakage from the loop, and was killed 5 days after the oper- 
ation.  2  days  after  the loop had  been isolated, the percentage of 
globulins had already risen from 20 to 68 per cent.  The percentage 
of total protein fell, and, as will be seen from Text-fig. 3, the rise in 
globulins occurred largely at the expense of the albumin fraction. 
On the day the animal was killed, the globulins constituted 82 per 
cent of the total protein,--a complete inversion of the.normal ratio. 
At autopsy 130 cc.  of fluid were found in the peritoneal cavity, the 
peritonitis appearing to be of 1 or 2 days' duration.  But according 
to  the  other experiments with  uncomplicated closed loops,  such  a 
rapid and marked rise in the globulin fraction is not the usual occur- 
rence.  This would indicate that the leakage of toxic material with 
its rapid absorption may well have commenced soon after the oper- 
ation.  This  observation  together with  others  furnishes  good  evi- 
dence that a  rapid absorption of toxic exudate may give rise to an 
early and large increase in the percentage of serum globulin. 
The  Effect  of Intravenous  Injections  of Proteose  upon  the  Albumin- 
Globulin  Ratio. 
The immunity to  proteose injections shown by  dogs  with  long- 
standing  closed  intestinal  loops  indicates  that  the  presence  of  a 
closed loop causes a  chronic proteose intoxication, which gives the 
animal a  certain degree of immunity against these toxic substances. 
In order to determine whether the rise in serum globulins observed 
in  these loop experiments was associated  with  the development of 
this tolerance,  the observations recorded in Table VII were made. 
Three normal dogs were injected intravenously with small sublethal 
doses of pure proteose.  Injections were given at  weekly intervals 244  STUDIES  ON"  BLOOD  PROTEIN'S.  II 
TABLE  VII. 
Proteose  Injections.  Normal  Albumin-Globulln  Ratio. 
6 
Date. 
Nov. 29 
Dec.  1 
"  6 
gg  20  * 
Nov. 29 
Dec.  1 
"  6 
"  9 
"  13 
"  20 
Jan.  5 
Nov. 29 
"  29 
Dec.  6 
per 
ce~ 
6.3, 
5.61 
6.1 
5.8 
6.2 
5.2 
6.6 
5.8 
5.9 
6.0 
5.8 
6.4 
5.9 
6.5 
per 
cent. 
5.2 
4.4 
4.1 
4.5 
5.0 
3.1 
5.2 
4.4 
4.6 
4.4 
3.9 
5.3 
5.1' 
5.3 
~  -~ 
per  l  per 
gent  i  cent 
1.11  83 
1.2  78 
2.0  67 
1.3  77 
1.2  80 
2.1  59 
1.4  78 
1.4  75 
1.3  79 
1.6  73 
1.9  67 
1.1  82 
0.8  86 
1.2  81 
'~o 
per  pet 
cent  cent 
17  1.7 
22  1.5 
33  1.9 
23  1.9 
2O  1.7 
41  i .4 
22  1.7 
25  1.6 
21  2.0 
27  2.0 
33  1.7 
18  1.6 
14  1.4 
19  1.4 
o 
4.8 
3.5 
2.0 
3.3 
4.0 
1.4 
3.5 
3.0 
3.7 
2.7 
2.0 
4.5 
6.1 
4.3 
Remarks. 
Injection of I0 cc. of cat loop 
proteose.  Vomiting and ele- 
vation  of  temperature. 
Dog lively and in good condi- 
tion. 
Injection 6f 10 cc. of cat loop 
proteose.  Dog  sick;  vom- 
ited. 
Two  proteose  injections,  one 
on Dec.  13  and another on 
Dec. 20. 
Injection  of  10  co.  of  peri- 
toneal  • exudate  proteose. 
Slight  elevation  of  temper- 
ature. 
Injection  of  15  cc.  of  peri- 
toneal  exudate  proteose. 
Vomiting,  slight  diarrhea. 
Injection  of  15  cc.  of  loop 
fluid.  Elevation  of  tem- 
perature; slight vomiting. 
Injection of 20 cc. of peritoneal 
exudate.  Elevation of tem- 
perature;  slight  intoxica- 
tion. 
Injection of 25  cc. of proteose 
on Dec. 27 and of 35  cc. on 
Jan.  5.  Rapid  recovery. 
Slight intoxication. 
Injection  of  6  cc.  of  loop 
proteose.  Slight vomiting. 
Specimen obtained 2 hrs. after 
injection. 
Injection of 10 cc. of loop pro- 
teose.  Slight vomiting. 
* The speomen was obtained immediately after the injection. S.  I-I.  HUI~.WITZ  AND  G.  I-I.  WI-ILPPLE 
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o~  i 
per  t,  er  ~er  t~er  per 
C~t  C~'~I  ~ent  ¢enl  cen| 
Dec.  9  6.0  4.1  1.~  68  32 
"  13  5.6  4.2  1A  74  26 
d 
per 
ce~| 
2.3  2.1 
1.8  2.8 
"  20  6.2  5.0  1.2  80  20  1.7  4.0 
Jan.  5  6.1  5.0  1.1  82  18  1.7  4.5 
36  Dec.  20  6.6  5.4  1.2  81  19  1.5  4.2 
Jan.  5  6.9  4.9  2.{3  71  29  1.4  2.4 
37  Apr.  6  5.3  3.0  2.3  60  40  2.1  1.5 
"  7  5.6  2.8  2.8  50  50  2.5  1.0 
Rem~rka. 
Injection ofI5 cc. of loop pro- 
teose.  Elevatiom of  tem- 
perature and vomiting. 
Injection of 20 cc. of loop pro- 
teose.  Slight intoxication. 
Injection of 25 cc. of proteo~ 
on  Dec.  27  and  35  cc.  o9 
Jan. 5.  Slight intoxication. 
Injection of  10 cc.  of proteos¢ 
from human peritoneal exu- 
date;  subsequent  injection., 
of 15 cc. and 25 cc. on Dec. 
27 and Jan.  5.  Very slight 
intoxication. 
Drained loop made on Dec. 23. 
Dog in good condition until 
Apr. 6. when 27½ cc. of loop 
fluid  proteose were injected. 
Vomiting,  diarrhea,  and in- 
toxication. 
Died  24 hrs. later.  Specimen 
obtained at autopsy. 
and  analyses of  the  blood  were made before each injection.  The 
proteose was prepared either from loop fluid or from peritoneal exu- 
dates.  After  the  second  injection  the  animals  responded  well  to 
larger doses,  and showed only slight signs  of intoxication. 
It is clear from Table VII that dogs injected with small doses ot 
proteose do not show any alteration in the albumin-globulin ratio of 
the blood serum.  The occasional  slight rise which has been observed 
is within the limit of the variations noted in normal dogs.  It would 
appear,  therefore, that  although  the animals developed a  tolerance 
for  increasing  doses  of  proteose,  the  globulin  content  remained 
unchanged.  It  should  be  emphasized that  this  is  a  slowly devel- 246  STUDIES  ON  BLOOD  PROTEINS.  II 
TABLE  VIII. 
The Effect of Inflammatory Conditions (Peritonitis, Pleurisy, and Pancreatitis) upon 
the Albumin-Globulin  Ratio. 
38  Feb.  23  O. 7 
39  Apr.  21  0.3 
16  Mar. 20  1.1 
40  Apr.  21  1.1 
o 
~r  per  per 
Cent  cent  cen# 
3.~  4.5  42 
1X  4.3  23 
2.~  2.5  52 
3.(  2.6  53 
Peritonitis.  Ga~trojejunostom~ 
done  on  Feb.  18.  Died 
days  later  of  general  peri- 
tonitis.*  Specimen obtainet~ 
on day of death. 
Pleurisy.  Injection of 1 cc. oJ 
turpentine  and  5  cc.  oJ 
aleuronat into  right pleura 
cavity  on  Apr.  7.  Second 
injection of  1 cc.  of turpen. 
fine on Apr. 19. 
Autopsy.--Thick  fibrinopuru- 
lent exudate over lungs. 
Pleurisy.  Mar.  13.  Injectiov 
of  1 cc. of turpentine and 
cc.  of  1  per cent  aleuronat 
into right pleura.  Mar.  17 
Injection of Icc. of turpen- 
fine and 5  cc.  of aleuronat 
Aspiration  of  50  cc.  oi 
bloody  fluid  on  Max.  1~ 
and  10  cc.  on  Mar.  20 
Autopsy.--Max.  23.  Purulent 
and  fibrinous  exudate  iv 
right  pleura.  About 40  cc 
of  blood-tlnged  fluid  ob. 
talned. 
Pancreatitis.  Apr. 20.  I0 cc 
of  fresh  dog  bile  injected 
into  pancreatic  duct. 
Autopsy.--Apr. 21.  Litflefluid 
in  peritoneal  cavity;  pan- 
creas large, edematous; rood. 
erate hemorrhage in stronm: 
slight amount  of  fat necro. 
sis.  Not an extreme injuD 
/ 
of gland. 
* A  more  marked  increase in the percentage of globulins associated  with  the 
development of a  peritonitis was observed in Dog 4. S.  H.  HURWITZ  AND  G.  H.  WHIPPLE 
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6 
Z 
4I 
Date. 
Apr. 2 
per  per 
cent  c,.nt 
5.4  1.0  4.4 
.  6  . 
• 
per  per 
cenl  cent 
19  81 
per 
ten! 
2.2  0.2 
.~'~ 
$g 
Remsrks. 
Turpentine  abscess  and  pan. 
creatitis.  Apr.  20.  Injec- 
tion  of  2  co.  of  turl~ntim 
into  left  thorax.  Apr.  26 
Injection  of 10  cc.  of  do~ 
bile  and  glycoeholic  acid 
Killed 7 hrs. later. 
Autopsy.--Abscesses in tissues 
Pancreas large,  dark purple 
with extreme edema and fal 
necrosis; 
oping tolerance for proteose which is produced under these experi- 
mental conditions. 
The Effect of Peritonitis, Pancreatitis,  and Pleurisy upon the Albumin- 
Globulin Ratio. 
Table VIII contains some observations upon various inflammatory 
conditions in which the partition of the protein fractions was studied. 
In  Dog  38  the  peritonitis  resulted  from  leakage following gastro- 
jejunostomy.  The high percentage of globulins noted in this experi- 
ment is in harmony with similar observations (Table VI). 
Dogs with sterile pleurisy produced by the injection of turpentine 
and aleuronat also show a  high globulin content in the serum.  In 
these experiments the presence of bacteria in the pus formation was 
excluded by obtaining sterile cultures from the exudate.  Notwith- 
standing this, however, a considerable increase in globulins occurred. 
This  observation supplements the  results  of previous  experiments. 
We have shown in a previous paper (1) that bacterial toxins obtained 
from bacterial growths by Berkefeld filtration may give rise to just 
as marked an alteration in the ratio as the  injection of  living  and 
killed cultures of the organisms themselves. 248  STUDIES ON  BLOOD PROTEINS.  II 
The experiments with acute hemorrhagic pancreatitis produced by 
the  injection  of  dog's bile  into  the  pancreatic  duct  further  empha- 
size this point•  Dog 41 is of especial interest,  because in this animal 
the  pancreatitis  was  complicated  by  a  turpentine  abscess.  This 
animal  showed  a  complete  inversion  of  the  albumin-globulin  ratio, 
the globulins constituting 81  per cent of the  total protein. 
TABLE IX. 
Serum Proteins in Dogs ugth Distemper. 
i 
"~  Date..o.~  .~  .i ~  ~'~c~  ,~ 
per  per  per  per  per  pet 
cent  cent  cent  cent  cent  ¢enl 
42  Nov.  8  7.C  5.6  1.4  80  20  1.4 
43  Oct. 30  5.9  3.0  2.9  51  49  1.9 
44  Nov. 4  5.9  4.3  1.6  73  27  1.7 
45  Dec.  23  6.8  4.1  2.7  60  40  2.3 
46  Jan.  5  6.7  4.3  2.4  64  36  1.6 
47*  Mar. 22  4.2  2.4  1.8  57  43  2.0 
Remarks.  .~ 
4.0  Sept. 22.  Operation,  drained 
loop of  duodenum and  je- 
junum.  Animal  in  good 
condition until Oct. 21.  De- 
veloped  distemper,  whic~ 
was  quite severe on Nov. 8, 
Autopsy.--Laxge  patches  ot 
bronchopneumonia. 
1.0  Dog in  poor condition for  a 
week before examination ot 
blood.  Profuse nasal dis- 
charge. 
Autopsy.--Lungs  show only s 
few hemorrhagic specks. 
2.7  Slight  grade of distemper. 
1.5  Acute infection.  Distemper 
A utopsy.--Hemorrhagic speck~ 
and patches in lungs. 
1.7  Died  on Jan.  17 of distemper 
1•3  Autopsy.--Patches  in  bot~ 
lungs. 
* Pup. 
During the course of the experiments  a  few other conditions were 
studied  which deserve brief mention.  An opportunity was afforded 
to study a  few animals with distemper  (Table IX).  With the infec- 
tion  of  the  respiratory  passages  these  animals  may  at  times  show S.  H.  HUI~.WITZ  AND  G.  H.  WHIPPLE  249 
well  marked  signs  of  intoxication.  Of  six  dogs  studied  only  two 
showed any considerable alteration in the ratio.  Two dogs showed a 
moderate change,  and in two animals  the albumin and globulin per- 
centages  were  normal.  From  these  few  observations  no  definite 
conclusion is permissible,  but it would appear  that  even where  the 
globulin  rise  in  this  infection  does  occur,  the  percentage  increase 
is not nearly  so marked  as  that  noted in  some of the loop animals 
with  complications  or  in  those  with  abscess  formatioff and  tissue 
destruction. 
TABLE  X. 
Serum  Proteins in Dogs  with Eck Fistula. 
o 
6 
48 
49 
Date. 
Nov. 15 
Dec.  28 
per  per  per  peg  per  per 
cenl  ce~  cent  Cent  cent  cent 
5.0  4.0  1.9  69  31  1.4 
5.7  4.2  1.5  74  26  1.6 
50  Nov. 22  7.2  4.2  3.1  58  42  1.5 
51  Apr.  5  5.5  3.9  1.6  71  29  1.7 
52  "  18  4.6  2.2  2.4  47  53  2.3 
Remarks. 
Sept. 13.  Operation.  Normal 
condition. 
Sept.  14.  Operation.  In  ex- 
cellent condition until Nov. 
16.  Moderate  distemper 
and  loss  in  weight.  Poor 
appetite and gradual down- 
ward  course.  Definite  in- 
toxication on Dec. 28,  Con- 
vulsions  foUowed  by  death 
on Dec. 29. 
Autopsy.--Eck fistula perfect. 
Oct.  12.  Operation.  In  ex- 
cellent  condition  until  Oct. 
21.  Development  of  dis- 
temper.  Nasal  discharge 
and  cough.  Condition  on 
Nov. 22 not so good.  Nose 
ulcerated. 
Feb.  22.  Operation.  In  ex- 
cellent condition on Apr. 5. 
Mar.  10.  Operation.  Splen- 
ectomy on Mar.  23.  Mod- 
erate loss in weight.  Some 
vomiting and poor appetite 
for  I0  days  before  date  of 
blood examination. 250  STUDIES  ON  BLOOD  PROTEINS.  II 
Similarly,  the blood  of a  number of Eck fistula  dogs  (Table  X) 
was  studied.  Only one of the animals  observed presented definite 
symptoms  of  intoxication  at  the  time  the  protein  partition  was 
determined,  and  in  this  instance  it  was  found  normal.  Another 
animal (Dog 52), on the other hand, showed a  definite rise in globu- 
lins,  but  this  animal had been in poor  condition for  10  days prior 
to the blood examination.  The low protein content obtained in this 
animal  on  this  date is  in keeping with  the loss  of weight and  the 
impaired nutrition.  Dog 50 also showed an increased globulin con- 
tent, but this animal had developed distemper a  month previously, 
and  still  had  some signs  of infection when the blood  analysis was 
made. 
DISCUSSION. 
A  satisfactory explanation of our experimental observations would 
require a  knowledge concerning the origin and chemical relation of 
the various protdn  fractions,  which we do not possess  at present. 
It is permissible, however, to discuss several points on the basis  of 
the data  available.  According to  the work of some observers,  the 
increase in  globulins  might  be  regarded  as  one  of  the phenomena 
which attend the development of the immunity or tolerance gradu- 
ally acquired by an  animal  with long-standing obstruction or  that 
following  the  repeated  injections  of proteose.  Moll  (7)  has  given 
some experimental evidence in  support  of such a  view by showing 
that the formation of precipitins in the sera of animals injected with 
foreign protein parallels in a measure the rise in the globulins which 
occurs in them.  Our experiments, however, do not give support to 
this  interpretation.  As  already  pointed  out,  we  were  unable  to 
demonstrate  that  the  development  of  resistance  by  an  animal  is 
accompanied by a  heaping up of globulins in the blood.  It will be 
recalled that following the repeated proteose injections in immunizing 
doses no increase in the serum globulins took place; whereas, in the 
loop  animals in  which this  was  a  striking  feature we were unable 
to show that the globulin increase was in any way related to periods 
of clinical improvement, or that a fall was associated with the develop- 
ment of a more severe intoxication. 
It  would  seem more probable  that  the alteration  in  the normal S.  H.  HUI~WITZ  AND  G.  H.  WHIPPLE  251 
partition  of albumins and globulins,  and  the complete inversion  of 
the ratio  following the rapid  absorption  of a  toxic exudate is  due 
to some fundamental change in metabolism.  That such a metabolic 
upset occurs in the intoxications studied has been demonstrated by 
one of us  (2).  It has been shown that the exciting cause in some 
of these intoxications is the absorption of a  toxic substance resulting 
from local tissue disintegration,  or an upset in  the delicate protein 
equilibrium.  These poisons so formed are widely distributed in the 
body, and cause much protein injury.  One result of this extensive 
destruction of body protein  is  the  accumulation of non-coagulable 
nitrogenous substances in the blood, and an increased elimination of 
nitrogen immediately following the injury.  It is,  therefore, not un- 
reasonable to assume that such a marked metabolic disturbance may 
also register a  change in the coagulable proteins of the blood. 
Still more difficult to explain, however, is the rapidity with which 
the inversion of the ratio is produced, and the increase of the globu- 
lins  at  the  expense  of  the  albumin  fraction.  From  a  theoretical 
viewpoint, a  heaping up of blood  globulins  might be the result of a 
more rapid  formation or a  less  rapid  destruction of this  substance 
or, lastly, of its diminished utilization.  From what has already been 
said~ it would seem that catabolism is especially active in these intoxi- 
cations,  and  that anabolism is more or less at a  low  ebb.  On the 
basis  of the  experiments now  available,  it  is  not possible  to  state 
with certainty which of the metabolic phases is more responsible for 
the changes observed.  According to  the work of Moll  (8),  the rise 
in the globulin content may be explained as the result of a more rapid 
conversion of albumin into globulin due to the accelerated metabolism; 
whereas  the  observations  of  Cervello  (9)  suggest  the  explanation 
that a heaping up of globulins may result from the diminished utili- 
zation of them by the body tissues. 
It is worth while keeping two facts in mind.  With an acute and 
profound intoxication of almost any type, we usually observe more 
or less increase of the globulin fraction at the expense of the albumin 
portion.  With a slowly induced tolerance or immunity to a proteose 
or similar poison  following repeated small  doses  of the poison,  we 
usually observe little  change, if any, in  the globulin-albumin ratio. 
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and  the upset in  the globulin-albumin  fractions.  There does seem 
to  be a  relation  between the shock and intoxication caused by the 
poison and the globulin increase: in general, the more profound and 
acute  the intoxication,  the more does  the globulin  increase at  the 
expense of the albumin, even to an inversion of the normal ratio. 
These  severe  intoxications  show  a  remarkable  increase  in  the 
elimination  of  urinary  nitrogen  above  the  normal  base-line  level 
(Whipple,  Cooke).  There  is  strong  evidence  for  profound  tissue 
injury  with  an  upset  in  the  delicate  protein  balance  of  the  body 
cells.  May we assume that the change in the blood proteins is pri- 
mary and dependent upon  the direct  action of the poison,  or may 
we assume that the blood protein changes, like the blood non-protein 
changes, are dependent upon a  primary cell protein reaction?  More 
experimental work is required to answer these and many other ques- 
tions  concerning the blood  proteins  about which our knowledge is 
incomplete. 
CONCLUSIONS. 
The intoxication which develops as the result of a  simple obstruc- 
tion  or a  closed intestinal loop  is  accompanied by definite changes 
in  the coagulable proteins of the blood serum.  These changes con- 
sist essentially in an alteration in the normal albumin-globulin ratio; 
the  globulin  fraction is  greatly increased and  at  times  the normal 
relation of the two fractions may show a  complete inversion. 
The increase in  the globulin content of the blood serum is most 
marked in the animals  which  show  some  of the  complications met 
with in loop animals,--rupture of the loop and peritonitis.  In the 
latter conditions especially, the globulin increase is rapid and large. 
We believe this reaction to be of diagnostic value in acute infections 
attended by the sudden liberation and absorption of a  toxic exudate. 
Infections and  intoxications  produced  by  inflammatory irritants 
are also accompanied by a  rise in the blood globulins.  This obser- 
vation  suggests  that  tissue  disintegration  with  absorption  of  toxic 
products  is  responsible  for  the  changes  noted,  and  that  bacterial 
invasion is important ordy in as far as it gives rise to toxic substances. 
Animals which have developed a  tolerance to  proteose intoxica- 
tion following the periodic injection of small doses of proteose do not S.  H.  HURWITZ AND  G.  H.  WHIPPLE  253 
show  a  globulin  increase.  These  experiments  do  not  support  the 
view that  the  rise  in  globulins  observed in  these  experimental  con- 
ditions is an expression of a  resistance or tolerance developed by the 
animal. 
From  the  experimental evidence it  seems more probable  that  the 
alteration in the partition of the blood protein fractions is one of the 
results of the metabolic disturbance which has been shown to occur 
in  these  conditions. 
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